Objective: To evaluate a 24-month supervised, community-based maintenance exercise program after 3 months of pulmonary rehabilitation (PR) in comparison with a 27-month physical activity counseling program, in terms of the effects on maximal muscle strength, muscle power output, and exercise capacity, in individuals with COPD. Methods: Sixtythree men with moderate-to-severe COPD were recruited from two previous studies. Of those 63 participants, 31 were offered 3 months of PR followed by a 24-month supervised maintenance exercise program (24MME group) and 32 were offered a 27-month physical activity counseling program (27MPAC group). Measurements at 3 months and at the end of the study period included maximal strength of the upper and lower limbs, power output of the lower limbs, six-minute walk distance (6MWD), and quality of life. Results: At 27 months, the improvements in maximal strength of the upper and lower limbs were greater in the 24MME group than in the 27MPAC group (37.6 ± 28.3% and 28.4 ± 13.3%, respectively, vs. 8.8 ± 16% and 13.6 ± 16.4%, respectively; p < 0.05), as was the improvement in power output of the lower limbs (24.6 ± 18.4% vs. −2.3 ± 28.5%; p < 0.01). The increase in the 6MWD after 3 months was also greater in the 24MME group than in the 27MPAC group (33.2 ± 36.6 m vs. 2.9 ± 34.7 m; p < 0.05), although there were no differences between the two groups in terms of the Δ6MWD at 27 months (vs. baseline). Conclusions: A supervised, community-based maintenance program is a successful long-term strategy to preserve the benefits of PR on peripheral muscle function and exercise capacity in individuals with COPD. However, physical activity counseling can maintain maximal muscle strength and exercise capacity in such individuals.
INTRODUCTION
One strategy to promote long-term health-enhancing behavioral changes, resulting in improvements in dyspnea, exercise capacity, and health-related quality of life, as well as to maximize skeletal muscle function, in older adults with COPD is the use of a maintenance exercise program after pulmonary rehabilitation (PR). However, the effectiveness of such programs is not well established, because of their heterogeneity in terms of duration, components, exercise intensity, and level of supervision.
(1-5) Another short-and long-term strategy, which might be a more economical and feasible approach to improving exercise capacity and quality of life in COPD patients, is the use of a physical activity counseling program. (6) A few studies have examined the benefits of long-term PR maintenance programs, (1, 2, 4, 5, 7) and one study (6) examined the longterm effects of a physical activity program. However, to our knowledge, there have been no studies comparing a long-term supervised maintenance exercise program and a long-term physical activity counseling program in terms of their effects on exercise capacity and quality of life in older individuals with COPD.
The peripheral muscle dysfunction of the lower limbs observed in patients with COPD is characterized by a reduction in maximal muscle strength and a loss of muscle mass, which also occur during the milder stages of the disease. (8) Aging is known to be associated with decreases in muscle mass, maximal strength, and muscle power. (9) Maximal strength peaks in the third decade of life, (10) remains unchanged or decreases slightly from approximately 40 years of age (11) into the fifth decade, declining more rapidly (at a rate of 12-15% per decade) thereafter. (10, 12) This muscle weakness and muscle atrophy result in functional limitations and are associated with increased mortality. (13) Recently, muscle power has emerged as a discriminative variable for understanding the reduction in mobility and in the ability to perform activities of daily living. (14) In older adults, physical inactivity might be one of the mechanisms of this peripheral muscle dysfunction. (15) Nevertheless, few studies have examined the effects that long-term strategies of maintenance exercise or physical activity counseling have on muscle strength and muscle power output in individuals with COPD. (7) Therefore, the primary aim of the present study was to compare a community-based maintenance exercise program, applied for 24 months after 3 months of PR, and a physical activity counseling program, applied for 27 months, in terms of their effects on maximal dynamic strength, muscle power output, exercise capacity, and quality of life in older adults with COPD. We hypothesized that, in older adults with moderateto-severe COPD, a supervised maintenance exercise program after PR would maintain the improvements in functional capacity, muscle function, and health-related quality of life better than would the physical activity counseling program.
METHODS
This was a retrospective, non-randomized study designed to compare the impact that two different treatments have on exercise capacity, muscle function, and health-related quality of life in older adults with COPD. The sample consisted of 63 men with stable, moderate-to-severe COPD who were recruited from pulmonology consultations. The participants were enrolled in one of two programs: a 3-month PR program, followed by a 24-month community-based maintenance exercise program (24MME group, n = 31); and a 27-month physical activity counseling program (27MPAC group, n = 32).
The inclusion criteria were as follows: being male; having been diagnosed with moderate-to-severe COPD, characterized by an FEV 1 /FVC ratio < 0.70 and a postbronchodilator FEV 1 value 30-80% of the predicted value, corresponding to stage II or III according to the Global Initiative for Chronic Obstructive Lung Disease criteria (16) ; showing grade 2 or 3 (symptomatic) dyspnea, as defined by the Modified Medical Research Council scale score; and being over 50 years of age. Current smokers were excluded, as were individuals who had experienced an exacerbation of COPD in the last 3 months, those who suffered from uncontrolled heart disease, and those who had been diagnosed with neoplasia in the last 5 years, as well as those with any neuromuscular, musculoskeletal, or joint disorders that might limit their exercise capacity.
The research was conducted in accordance with the World Medical Association Declaration of Helsinki for medical research involving human subjects, and the study was approved by the Committee on Ethics, Animal Experimentation, and Biosafety of the Public University of Navarre, in Navarra, Spain (Protocol no. PI-002-112). All participants gave written informed consent.
Participants were tested at baseline, at 3 months, and at the end of the study period. All underwent spirometry, with determination of lung volumes by body plethysmography and of the DLCO. (16) In addition, anthropometric variables were assessed, as was the distance walked on the six-minute walk test, or six-minute walk distance (6MWD), (17) which was used in order to evaluate functional and exercise capacity.
The Chronic Respiratory Questionnaire (CRQ) was used in order to assess the health-related quality of life. (18) The CRQ is a disease-specific instrument evaluating four domains (on a scale of 1 to 7), and the Spanish-language version has been validated for use in Spain. (19) The minimal clinically significant difference is defined as a mean improvement of 0.5 per domain. (19) The production of muscle force by the upper and lower limbs was examined. The participants were familiarized with the strength tests. Maximal dynamic strength, based on the one-repetition maximum (1RM), was assessed on a commercial machine (Technogym, Gambettola, Italy) and was defined as the load displaced in the bilateral leg press exercise, in which the knees and hips were flexed at 90° and 45°, respectively. On the day of the test, the participant warmed up during a 5-min period of walking and stretching exercises. In addition, several warm-up contractions for the leg press exercise were performed. Thereafter, four to five attempts were made in order to determine the 1RM. The maneuvers were performed separately, with a break of 2 min between each attempt. The 1RM was defined as the last extension accepted as valid, performed with the maximum load.
After determination of the 1RM values, the muscle power output in the leg press exercise was measured. The muscle power of the extensor muscles of the leg and hip was measured during the concentric phase of the bilateral leg press exercise, the weight (in kg) corresponding to the load at 50% of the 1RM. The participants were instructed and encouraged to displace the weights as rapidly as possible. Two trials were performed, with 2 min of recovery between attempts. The best of the two was used for further analysis. (20) The bilateral maximum dynamic strength (1RM) of the upper limb muscles was examined via the seated chest press exercise. To avoid the influence of fatigue on the 1RM values, the maximal load was determined in four to five attempts with a 2-min recovery period between attempts. The 1RM was defined as the last extension accepted as valid, performed with the maximum load.
During the initial 3-month period, participants in the 24MME group completed an outpatient PR program, as described elsewhere. (21) Upon completion of the PR program, a pulmonologist invited each 24MME group participant to receive the maintenance exercise intervention at a recreational sport facility. The maintenance exercise program consisted of two non-consecutive, multi-component, supervised training sessions per week over a 24-month period, with four-month gaps during the summer (school vacation) breaks. Each training session was 90 min long and comprised the following components: exercises of balance and proprioception; 20-30 min of walking at moderate intensity (87.5-100% of the maximum heart rate achieved during the six-minute walk test); and strength training (with free weights) that included the sit-to-stand exercise, supine chest press, biceps exercises, and the seated row at moderate intensity (3 sets, 6-12 repetitions, at 40-70% of the 1RM).
Heart rate and SpO 2 were monitored throughout the sessions. All sessions were supervised by an exercise physiologist. During the summer breaks, the participants were encouraged to remain as physically active as possible.
The participants in the 27MPAC group enrolled in the 27-month physical activity counseling program, which consisted of a recommendation of walking at least 3 times weekly for at least 30 min each time. Participants recorded the number of times that they walked per week and their walking duration (in minutes per day) in a diary. In addition, they received a structured telephone call once a month from the same nurse with whom they had interacted during the pulmonology consultations. This phone call consisted of a brief introductory conversation followed by the administration of a questionnaire to collect the diary information.
Statistical analyses were performed with the SPSS Statistics software package for Windows, version 20.0 (IBM Corporation, Armonk, NY, USA). The assumption of a normal distribution of the data was evaluated with the Shapiro-Wilk test. Baseline differences between the groups were compared via unpaired Student's t-test or via the Mann-Whitney U test for non-normally distributed data. The intervention-related effects were assessed using two-way repeated-measures ANOVA (group vs. time). For each group, the differences between variables over time (time effect: from baseline to 3 months and to the end of the study period) were evaluated by using pairwise comparisons with Bonferroni correction or the Friedman test for non-normally distributed variables. For non-normally distributed variables, the data were log 10 -transformed. If the data still had non-parametric characteristics, a non-parametric statistical technique was used. Selective relative changes (proportional or absolute changes) between the groups were assessed with unpaired t-tests or with the Mann-Whitney U test for non-normally distributed variables. The values in the text, tables, and figures are reported as the mean and standard deviation. The level of statistical significance was set at p < 0.05.
RESULTS
Sixty-three participants were recruited for this study: 31 in the 24MME group and 32 in the 27MPAC group. In the 24MME group, 3 participants dropped out after the 3 months of the PR program, 6 participants refused to continue the maintenance program, 8 dropped out of the maintenance program due to clinical worsening, and 2 died during the 24-month intervention period. In the 27MPAC group, 2 participants dropped out after 3 months, and 6 dropped out before the end of the intervention period ( Figure 1 ). The anthropometric and pulmonary function characteristics of the participants are shown in Table 1 . No significant differences between the groups were found at baseline for any of the variables measured, except for the 6MWD and lower-limb muscle power output at 50% of the 1RM.
Between the study outset (baseline) and the end of the study period, the maximal strength on the leg press exercise increased by 28.4 ± 13.3% in the 24MME group (from 203.6 ± 45.7 kg to 262.5 ± 70.3 kg; p < 0.001) and by 13.6 ± 16.4% in the 27MPAC group (from 222.3 ± 82.1 kg to 251.1 ± 88.3 kg; p < 0.01), as shown in Figure 2 . The magnitude of improvement was greater in the 24MME group than in the 27MPAC group (p < 0.05). Figure 2 also shows that, between those same two time points, muscle power output increased by 24.6 ± 18.4% in the 24MME group (from 725.5 ± 163.9 W to 897.1 ± 211.6 W; p < 0.05) and decreased by 2.3 ± 28.5% in the 27MPAC group (from 659.7 ± 287.1 W to 625.4 ± 298.8 W; p = 0.77). The magnitude of improvement was greater in the 24MME group than in the 27MPAC group (p < 0.01).
At the end of the study period, the maximal strength in the chest press exercise was greater than the baseline value by 37.6 ± 28.3% in the 24MME group (from 57.5 ± 16.7 kg to 76.2 ± 15.2 kg; p < 0.001) and by 8.8 ± 16% in the 27MPAC group (from 59.7 ± 13.2 kg to 63.9 ± 12.9 kg; p = 0.26), as can be seen in Figure  3 . The magnitude of improvement was greater in the 24MME group than in the 27MPAC group (p < 0.01).
Over the course of the study period (from baseline to 3 months to the end of the study period), the 6MWD showed a significant time-dependent effect in the 24MME group (from 553.3 ± 63.4 m to 586.6 ± 67.4 m to 570.5 ± 97.9 m; p < 0.04), although not in the 27MPAC group (from 475.7 ± 69.7 m to 478.7 ± 77.6 m to 470.2 ± 107.9 m; p = 0.68). From baseline to 3 months, the mean increase in the 6MWD was greater in the 24MME group than in the 27MPAC group (33.2 ± 36.6 m vs. 2.9 ± 34.7 m; p < 0.05), as shown in Figure 4 .
As can be seen in Table 2 , from baseline to 3 months, the changes in the CRQ scores for the dyspnea and mastery domains, as well as in the total score, were greater in the 24MME group than in the 27MPAC group (p < 0.05 for all). At the end of the study period, there were no differences between the two groups in terms of the changes in the CRQ domain scores. From baseline to the end of the study period, all CRQ domain scores showed time-dependent effects in the 24MME group (p < 0.05), statistically significant improvements in the domain scores also being observed at 3 months (p < 0.05).
DISCUSSION
The major findings of the present study were that the supervised, community-based maintenance exercise program preserved the benefits in maximal strength, muscle power, 6MWD, and quality of life obtained with PR, and that the physical activity counseling program achieved greater gains in maximal strength at the end of the study period in comparison with the 3-month time point and improved the CRQ dyspnea domain score over the 24-month intervention period, as well as attenuating the decline in the 6MWD over that same period.
Skeletal muscle dysfunction has been postulated to be one of the extrapulmonary effects of COPD, resulting in reduced peripheral muscle strength, (22, 23) increased mortality risk, and decreased quality of life. (13, 24) Few studies have evaluated the maximal strength of the upper and lower limbs after two different long-term simple strategies have been applied in patients with COPD. In contrast with the findings Maximal dynamic strength, defined as onerepetition maximum (1RM), in the leg press exercise (A) and muscle power output at 50% of the 1RM in the leg press exercise (B), at the three time points evaluated, in the 24-month community-based maintenance exercise program preceded by 3 months of outpatient pulmonary rehabilitation (24MME) group and in the 27-month physical activity counseling program (27MPAC) group. *p < 0.001 vs. baseline in the 24MME group. † p < 0.01 vs. baseline in the 27MPAC group. ‡ p < 0.05 vs. baseline in the 27MPAC group. § p < 0.05 vs. baseline in the 24MME group. of a previous study, (7) which demonstrated no effects on maximal muscle strength after 20 months of an active maintenance phase, our results indicate that a supervised community-based maintenance exercise program preserved the PR-induced increases achieved in maximal strength of the upper and lower limbs over the 24-month intervention period. One unique finding was that, in the 27MPAC group, the maximal strength of the lower limbs was 13.6% higher at the end of the study period than at baseline. Our findings have important clinical implications. Waschki et al. (25) reported that a sustained low level of physical activity is related to the progressive muscle depletion that occurs in all patients with COPD. Our findings suggest that a physical activity counseling program is an effective, simple strategy to attenuate the deconditioning of the peripheral muscles in the lower limbs in older men with COPD.
On the basis of our findings, it was not possible to identify the physiological mechanisms responsible for the difference between the maintenance exercise program and the physical activity counseling program in terms of the increase in the maximal strength of the lower limbs, which was greater after the former program. One possible explanation for our finding that the observed gains in the muscle strength of the lower limbs were lesser in the 27MPAC group than in the 24MME group is that the relative training intensity (40-70% of the 1RM) was greater in the 24MME group than in the 27MPAC group. Another possible explanation is that, in older men with COPD, the 6MWD is positively associated with leg muscle power output, although not with maximal strength. (26) Taken together, our results suggest that a practicable, supervised, communitybased maintenance program is a satisfactory means of maintaining the benefits that PR provides in terms of maximal muscle strength in the upper and lower limbs; that a physical activity counseling program is a simple, effective strategy to attenuate peripheral muscle deconditioning in the lower limbs of older adult men with COPD; and that such individuals might require a specific strength training program.
The age-related decrease in maximal strength and explosive force production has been attributed to a loss of muscle mass mediated by a loss and a decrease in the size of individual muscle fibers. (27, 28) In the lower limbs of older adults, impaired muscle power output has recently emerged as a more important predictor of limitations to mobility in tasks, such as rising from a chair and climbing stairs, than is maximal muscle strength, lower-limb muscle power output also constituting a determinant of habitual walking speed and the risk of falls. (9, (29) (30) (31) (32) (33) (34) To our knowledge, this is the first article to report the effects that long-term strategies have on the muscle power output of the lower limbs in older men with COPD. The results of the present study indicate that a community-based maintenance exercise program can maintain muscle power output for at least 24 months after PR. However, we found that muscle power output decreased by 15% after 3 months in the 27MPAC group. Our results suggest that a physical activity program for older men with COPD should include high-velocity muscle power training for the lower limbs, to attenuate the loss of muscle mass.
Our results are in agreement with those of previous studies reporting that the observed benefits of PR on exercise capacity and quality of life are maintained over a 24-month period with a supervised, communitybased exercise program. (4, 5) In the present study, we expanded our investigation by determining the effects that a physical activity counseling program had on exercise capacity and quality of life over a 27-month period. We found that the 24-month community-based maintenance exercise program maintained the benefits of PR in all CRQ domains, and that the 27-month physical activity counseling program resulted in improvement in the CRQ dyspnea domain. Two possible explanations for the difference between the two programs are the supervision and the intensity of the exercise in the 24-month community-based maintenance exercise program.
One important and clinically relevant finding of the present study is that there was no decline in the Maximal dynamic strength, defined as onerepetition maximum (1RM), on the chest press exercises, at the three time points evaluated, in the 24-month community-based maintenance exercise program preceded by 3 months of outpatient pulmonary rehabilitation (24MME) group and in the 27-month physical activity counseling program (27MPAC) group. *p < 0.001 vs. baseline in the 24MME group. 6MWD during the study period in the 27MPAC group. In addition, there were no significant differences between the two groups in terms of the changes in the 6MWD at the end of the study period. In the present study, no gains in the 6MWD were observed in the 27MPAC group. That differs from what has been found in previous studies, (6, 35, 36) in which improvements in the 6MWD were observed after 3 months of physical activity counseling. These discrepancies could be explained by the fact that some previous studies have used a pedometer during the intervention and have set goals for their participants, (6, 35, 36) some even using a semiautomated telecoaching program. (35) Taken together, these results suggest that a physical activity counseling program could prevent the predicted decline in the 6MWD (35 m/year) for patients who are physically inactive. (25) Our experimental approach has several methodological limitations. First, ours was a prospective study involving two independent, single-arm trials without randomization. In addition, the sample size was small. Furthermore, all of the participants were male, and the results therefore cannot be extrapolated to females. In Spain, the prevalence of COPD, as defined by the Global Initiative for Chronic Obstructive Lung Disease criteria, is higher in men than in women (15.1% vs. 5.6%). (37) Moreover, the dropout rate was greater in the 24MME group than in the 27MPAC group (57% vs. 20%). Six of the 24MME group participants declined to continue the maintenance exercise program, and most of the 24MME group participants who dropped out of the program did so because of clinical worsening during the intervention period. In each of the two groups, there were 2 participants who died during the study period ( Figure 1 ). However, in comparison with that reported in previous studies, (4) the dropout rate in the present study was not unusual, especially considering the duration of the intervention period. Finally, the 24-month community-based maintenance exercise program was preceded by outpatient PR program, whereas the 27-month physical activity counseling program was not, and there were no measurements taken at one year in.
In conclusion, the results of the present study indicate that a 24-month, supervised community-based maintenance exercise program provides a significant training stimulus to preserve the gains in maximal strength, muscle power, 6MWD, and quality of life observed after 3 months of PR in older men with COPD. A 27-month physical activity counseling program results in improvements in maximal muscle strength of the lower limbs and may be an effective, simple strategy to attenuate peripheral muscle dysfunction and maintain exercise capacity in older men with COPD.
